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1 EXECUTIVE SUMMARY
Cashmere High School utilised coal fired boilers (which were at the end of their lives) for space heating.  The resource consent for burning coal expired in September 2008 and could not be renewed.

The above resulted in two new boilers and a new fuel source being required.  Fuel options analysed in this study are wood (pellet and chip), LPG and diesel. The feasibility study recommended two wood fired boilers operating on wood chips.
Cashmere High School installed two new 640kW boilers with the capability of either burning wood chips or wood pellets. 

Because obtaining resource consent for burning wood pellets from Environmental Canterbury (ECAN) was considerably easier than obtaining resource consent to burn wood chips, Cashmere High School has decided to operate the boiler on wood pellets despite the fact these cost roughly 140% more than wood chips. 
Also note that the Department of Education does not provide the School with incentives to reduce their energy cost.
The capital cost of the project came in at $289,734, which is well below the estimate of $319,000. Both costs reflect the rebate from EECA of $50,000.
The operating cost for 2008 was $33,660, which compares very favourable with the calculated cost in the Feasibility Study of $32,900. 

2 INTRODUCTION / PROJECT DESCRIPTION
Cashmere High School utilised coal fired boilers (which were at the end of their lives) for space heating.  The resource consent for the burning of coal expired in September 2008.

Table 1.1 below shows the results of the financial analysis.  Given the initial capital and life cycle costs, Enercon recommended installing wood fired boilers, operating on wood chips.  

Table 1.1 – Summary of Options
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Pellet Boiler Chip Boiler LPG Boiler Diesel Boiler Diesel Boiler

Fuel Cost 27,900 $       8,700 $       49,300 $        35,900 $        40,800 $       

Maintenance Cost 5,000 $         5,000 $       3,500 $          3,500 $          3,500 $         

CO2 Cost

- $             - $           1,400 $          1,600 $          1,600 $         

Operating Cost 32,900 $       13,700 $     54,200 $        41,000 $        45,900 $       

Capital Cost 319,000 $     319,000 $   392,000 $      297,000 $      297,000 $     

20 yr Life Cycle Cost 694,500 $     469,300 $   1,017,500 $   690,400 $      835,300 $     

Rank 3 1 4 2 N/A

Payback over Option 4 2.7                0.8              Never -                 N/A Years

Payback over Option 4a 1.7                0.7              Never N/A -                 Years

* Diesel  = 88 c/L

** Diesel = 100 c/L

Capital cost in options 1 & 2 include $50,000 EECA grant

Option


This resulted in two new 640 kW boilers and a new fuel source being required.  Fuel options were analysed and wood chips were recommended.
Two new Taymac boilers were installed with the capability of either burning wood chips or wood pellets. 
Because obtaining resource consent for burning wood pellets from Environmental Canterbury (ECAN) was considerably easier than obtaining resource consent to burn wood chips. Cashmere High School has decided to operate the boiler on wood pellets despite the fact these cost roughly 140% more than wood chips. 
A site inspection with Roger O’Regan and Phil Woolhouse (Cashmere High School) along with Kees Brinkman (Enercon) was performed on 14 May 2009.  

3 FINANCIAL
The actual capital cost of the full project was $289,734. This consisted of the following: 
· PBS tender for supply and installation of the boiler system
$311, 634

· Powell Fenwick Consultants (mechanical and electrical)

$  21, 500

· Ian Cruise Architects (project management)


$    6, 600

· ECAN refund


($50, 000)

The cost allowed by the Ministry of Education (before EECA refund):
$364, 797

The Feasibility Study (based on a budget price from MecServe): 

$319, 000

The actual capital cost was lower than the estimate because of competitive tendering.
The current cost of the fuel is $360 per tonne. In 2008 (01-01-08/ 31-12-08) 102 tonnes of pellets were used at a cost of $330 per tonne resulting in a fuel cost of $33,660, which compares favourably with the estimate in the Enercon Feasibility Study of $32,900.

The fuel is supplied by Solid Energy Renewable Fuels. Note that Solid Energy does not provide specifications on the wood pellets, neither is a GCV or NCV provided. Cashmere High School is about to sign a five year contract with Solid Energy Renewable Fuels. The contract will allow for an escalation in cost based on the Producer Price Index (PPI). 
The other costs are electricity for the boiler, the boiler feed system and pumps. The electricity consumption is about similar to that of the coal fired boiler. The wood fired boiler has resulted in labour savings of two hours a day. 
The simple payback (SP) of the installation needs to be compared to the other options evaluated in the original Feasibility Study and cannot be compared to the original coal fired boilers since these needed to be removed anyway; 

· SP of Pellet Boiler vs Diesel Boiler (@ 88 c/L)


    2.7 year

· SP of Chip Boiler vs Diesel Boiler (@ 88 c/L)


    0.8 year

The above simple paybacks are based on the assumptions of the pricing in the original Feasibility Study: 

· Capital cost of Wood Boiler after ECAN rebate


$319, 000

· Capital cost of Diesel Boiler


$297, 000

· Operating cost of Pellet Boiler

   $ 32, 900 /year

· Operating cost of Chip Boiler

   $ 13, 700 /year

· Operating cost of Diesel Boiler @ 88c/L

   $ 41, 000 /year

4 EMPLOYMENT
Cashmere High School employs a caretaker: Phil Woolhouse. Phil now spends two hours less per day maintaining the wood boilers. Whereas before he needed to rake the clinker out of the coal boilers everyday, he does not need to do that anymore.
The annual major clean out of the boilers takes about 6 hours, which is the same as that for the coal fired boilers. The problem with the wood boilers is that they leave a sticky residue on the tubes, which is difficult to remove. 

5 ENVIRONMENTAL
Since wood is a recyclable fuel its net production of carbon dioxide emissions is zero. The original coal fired boilers produced 216 tonnes per year of carbon dioxide based on their annaul coal consumption of 99 tonnes per year. The annual carbon dioxide emission reduction is therefore 216 tonnes per year. 

Emission testing has been performed by K2 Environmental Ltd, which tested the boilers. This resulted in the following PM10 emissions:
· Average total suspended particulate (TSP) (dry, 0°C, 1 Atm)
25 mg/m3
· Average TSP (dry, 0°C, 1 Atm, 12% CO2)



42 mg/m3
If wood chips would have been burned the emissions would have been as follows:

· Average TSP (dry, 0°C, 1 Atm)




27 mg/m3
· Average TSP (dry, 0°C, 1 Atm, 12% CO2)



38 mg/m3
No PM10 emissions are available for the original coal fired boilers.
Because obtaining resource consent for burning wood pellets from Environmental Canterbury (ECAN) was considerably easier than obtaining resource consent to burn wood chips, Cashmere High School is operating on wood pellets.
6 DRIVERS
The main reasons for moving to a wood fuel was the economics (note that coal was not an option):
Table 1.1 – Summary of Options
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7 WOOD FUEL QUALITY
Wood pellets are being used. Solid Energy Renewable Fuels has informed Cashmere High School that no specifications are available. The original feasibility study assumed a gross calorific value (GCV) of 19,000 kJ/ kg

8 PLANT PERFORMANCE
The capacity of the plant is 1280 kW consisting of two 640 kW boilers.
Flue gas tests resulted in a combustion efficiency of 85% and 86%, for Boilers #1 and #2 respectively. Allowing for a 4% loss in efficiency due to boiler heat losses the resulting boiler efficiency would be 81% and 82%. This compares well to the claimed efficiency by the manufacturer Taymac of 82%. 
When the coal fired boilers were taken out, the school had 1650 pupils and 150 staff. Currently the school has 1710 pupils and 150 staff. Based on a pupil and staff number of 1860, the school consumes 289 kWh/ occupier. 
9 WOOD ENERGY CONSUMPTION

During 2008 (01/01/08 - 31/12/08) Cashmere High School used 102 tonnes of pellets, which can be expressed as 1,938,000 MJ/ year.

The degree days heating based 15°C (DDH15) for 2008 was 1707 compared to a normalised year (1995-2007) of 1700. The fuel consumption for a normalised year would therefore be 1,930,000 MJ/ year. 
During 2006 the School consumed 99 ton of coal at a GCV of 2,267,000 MJ. The degree days heating based 15°C (DDH15) for 2006 was 1753. The coal consumption for a normalised year would therefore be 2,199,000 MJ/year.
The wood fired boilers consume 88% of the energy consumption of the coal fired boilers, or they are 14% more efficient. Part of the improvement in efficiency is that the wood fired boilers do not have to be kindled. 
10 MAINTENANCE

Cashmere High School employs a caretaker: Phil Woolhouse. Phil now spends two hours less per day maintaining the wood boilers. Whereas before he needed to rake out the coal boilers everyday, he does not need to do that anymore.
The annual major clean out of the boilers takes about six hours, which is the same as coal. The problem with the wood boilers is that they leave a sticky residue on the tubes which is difficult to remove. 

11 FUTURE DEVELOPMENTS

The plant can operate on wood pellets in the future. However Cashmere High School is planning to apply to operate on wood chips so that they can switch to wood chips when their current five year wood pellet contract with Solid Energy Renewable Fuels comes to an end. 

The boiler capacity (2 x 640 kW) is adequate for the school. Currently the boiler plant operates the following hours: 

· Winter cycle
M-F 
0400 – 1030
1600 – 1800 only during parent teacher nights

· Spring/Autumn
M-F
0400 – 0800 

The classes need to be heated to temperature at 0800. 

We recommend that the boilers are only started at 0600 during the spring and autumn.

If the school would go through a major extension then we recommend that a large heating hot water storage tank be installed to be charged when the heating is not required. The heating hot water tank can then be used to assist getting the school up to temperature early in the morning.

Appendix A – BOILER DATA
The following boilers were installed: 
	
	Boiler # 1
	Boiler # 2

	Capacity
	640 kW
	640 kW

	Manufacturer
	Taymac
	Taymac

	Forced draught under fire fan
	1.5 kW
	1.5 kW

	Damper # 1 position in air supply to boiler
	30°
	30°

	Damper # 2 position in air supply to boiler
	45°
	60°

	Auger motor
	0.37 kW
	0.37 kW

	Flue gas temperature: high fire
	230°C
	250°C

	Flue gas temperature while onsite
	200°C
	223°C

	Heating hot water temperature (HHWT) supply
	73°C
	72°C

	Surface temperature of insulation on boiler
	26-40°C
	26-40°C
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